Abstract
ings of Ayus et al , who investigated patients staying on maintenance dialysis after graft failure. Therefore graft nephrectomy should be considered in patients returning to dialysis after failure of a kidney transplant.
INTRODUCTION
Kidney transplantation is the therapy of choice for patients suffering from end-stage renal failure. Due to improvements in immunosuppressive therapy and operative technique, contemporary graft survival rates in first deceased donor transplants have reached 90% after one year and 68% after five years, respectively [1] . Patients returning to dialysis after failure of the primary graft have a significantly higher mortality rate compared to patients awaiting their first kidney graft [2] . Repeat kidney transplantation has been shown to offer a significant survival benefit in these cases [3, 4] . However, the outcome of repeat kidney transplantation is known to be inferior to primary transplantation [1] . In 2005 18.7% of patients on the waiting list in the United States had been transplanted previously (OPTN/SRTR Annual report [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] ) and recent research indicates that the number of patients undergoing kidney retransplantation is growing rapidly [1] . The indication and timing of primary allograft nephrectomy in patients awaiting a secondary renal transplant are still a matter of debate [5] . Graft nephrectomy is a safe procedure in experienced centers. It is associated with perioperative morbidity that depends on the surgical technique used (e.g., extra-vs intracapsular) and the indication for nephrectomy. Morbidity ranges from 4% to 48% and encompasses bleeding, infection or, less frequently, injury of iliac vessels [6, 7] . Due to perioperative complications some authors recommend not to remove the non-functional kidney until graft associated complications occur [8] [9] [10] [11] . However, others advise the routine removal of the failed graft to avoid infection, bleeding, hypertension or erythropoietin resistance due to chronic inflammation [10, 11] . The most common practice seems to be nephrectomy after early graft loss, while in patients with graft failure after more than one year, nephrectomy is often exclusively reserved for cases experiencing complications [12] [13] [14] [15] . The impact of a non-functioning kidney graft left in situ or graft nephrectomy on antibody production and outcome after secondary renal transplantation remains unclear, although PRA levels in patients undergoing nephrectomy seem to be higher than in patients in which the graft is not removed [16, 17] . The aim of this study was to determine the influence of nephrectomy on PRA levels and the outcome after secondary renal transplantations.
MATERIALS AND METHODS

Patients
The records of all retransplant renal allograft recipients at the University of Freiburg and the University of Berlin, Campus Benjamin Franklin, between 1969 and 2006 were reviewed.
In total 609 re-transplantations were performed, of which 305 (50.1%) were included in our study. Inclusion criteria were as follows: second renal transplantation (third or fourth transplantations were excluded from analysis), PRA prior to first kidney transplantation ≤ 5%, available data on nephrectomy and a minimum of three documented PRA values (before first, between first and second and immediately before second transplantation). Of 305 patients meeting these criteria, 245 patients underwent nephrectomy (NE+) and 60 patients retained their failed first graft (NE-).
The mean age at the time of the first kidney transplantation was 35.5 ± 13.9 years and 39.3 ± 12.8 years for NE+ and NE-patients, respectively (P = 0.056). At the time of second transplantation patients were 41.6 ± 13.3 years old in group NE+ and 47.2 ± 13.3 years in the group NE-(P = 0.004). Demographic data of patients are shown in Table 1 .
The immunosuppressive regimen included steroids plus cyclosporin A (CsA; n = 175), CsA plus azathioprine or mycophenolate mofetil (n = 106) or other regimens containing tacrolimus or an induction therapy with antibodies (n = 22). All patients in the group NE-received CsA for maintenance therapy.
Graft failure was defined as the irreversible loss of graft function with the need to resume dialysis. Immunosuppression (prednisone 5 mg per day) was continued as long as diuresis exceeded 500 mL/d. If urine production fell below 500 mL/d, immunosuppression was discontinued. In group NE-, the non-functioning kidney graft remained in situ, unless patients developed complications (e.g., infections, bleeding or hypertension). Patients in the group NE+ underwent nephrectomy soon after resuming dialysis. Transplant nephrectomy was performed according to the technique described by Rosenthal et al [6] .
Statistical analysis
Perioperative and follow-up data of patients were gained retrospectively from electronic health care records or from Eurotransplant Network Information System. Statistical analysis was performed using SPSS. Values are expressed as mean ± SD unless otherwise stated. Patient and graft survival rates were calculated according to the Kaplan-Meier method. Survival rates among both groups were compared using the univariate log-rank analysis. Group comparisons were calculated by independent Students t tests. P values of < 0.05 were considered significant. Non-significant differences are indicated as ns.
RESULTS
Follow-up data were available for all patients. Mean follow-up was 7.9 years (range 0.3-22.8 years) in the group NE+ and 6.2 years (range 0.4-19.3 years) in the group NE-. Mean waiting time from graft loss to retransplantation was 3.44 ± 2.68 years in the group NE+ and 2.55 ± 2.55 years in the group NE-(P = 0.021). In the group NE+, nephrectomy was performed 0.53 ± 1.47 years after graft loss and 3.05 ± 2.57 years before second transplantation.
The last recorded PRA levels before second transplantation did not differ between groups (Figure 1 ). In contrast, the mean maximum PRA levels were higher in the group NE+ than in the group NE-(29.7% vs 22.5%), although this difference did not reach statistical significance (P = 0.09). When comparing the median, the difference in maximum PRA levels reached statistical significance (18.5 in NE+ vs 9 in NE-; P = 0.038). The maximum PRA level was detected 1.6 ± 1.9 years (NE+) and 0.5 ± 2.9 years (NE-) after graft loss and 2.2 ± 2.3 years (NE+) vs 2.1 ± 3.4 years (NE-) before re-transplantation. Maximum PRA levels in the group NE+ were observed at an average of one year after nephrectomy (1.0 ± 2.2 years).
The uni-and multivariate analysis of potential risk factors show that PRA levels measured directly before transplantations were the only factor being associated with a significantly higher risk of graft loss (Table 2) .
Graft survival for the entire cohort differed significantly with 1, 5 and 10-year graft survival rates of 81.4%, 62.4% and 46.3% vs 66.8%, 59.0% and 30.2% for patients of the groups NE+ and NE-(P = 0.01), respectively. However, this advantage disappeared when the analysis was censored for death with a functioning graft (Figure 2 ).
Graft survival rates after the second kidney transplantation did not differ between patients with early failure of the first graft (within 6 mo) and patients with graft loss occurring later than 6 mo.
To further exclude potential confounding variables, any failure of the second graft within one year after retransplantation, which is mainly related to technical or early immunological complications, was censored ( Figure  3 ). Graft survival rates at 5 and 10 years did not differ and were 77.4% and 56.9% in the group NE+ and 88.8% and 45.4% in group NE-(P = 0.214).
In addition, we evaluated the influence of center-specific factors on graft survival rates due to different immunosuppressive regimens. According to our data, patients on triple immunosuppressive regimens using calcineurin inhibitors (mainly CsA) and azathioprine or MMF and steroids experienced significantly better graft survival rates if compared to patients using only CsA and steroids. The graft survival rates of patients in the groups NE+ and NE-, respectively, receiving the same immunosuppressive regimen did not differ between the two centers. Interestingly, in patients undergoing nephrectomy prior to re-transplantation (NE+) the timing of second kidney transplantation (within one year after graft loss vs later than one year) did not significantly influence the outcome. In contrast, patients without nephrectomy experienced better graft survival rates when re-transplantation was performed within one year after graft loss (P = 0.033) (Figure 4 ).
Patient survival rates according to the Kaplan-Meier method at 1, 5 and 10 years were 94.1%, 86.3%, 72.2% and 79.2%, 73.1%, 44.1% in the group NE+ and in the group NE-, respectively (P < 0.01). Since patients of the group NE-were significantly older than patients in the group NE+, patient survival may have been influenced by differences in age at the time of second transplantation. However, Log-rank analysis of age-adjusted patient survival rates after the exclusion of all patients older than 65 years at time of second transplantation, still revealed a significant survival benefit for patients in the nephrectomy group, compared to patients without nephrectomy (94.1% and 86.3% vs 83.1% and 75.4% at 1 and 5 years; P = 0, < 0.01)
DISCUSSION
Therapeutic strategies for patients having lost a primary kidney graft and awaiting re-transplantation differ from center to center. Until now, there is no consensus regarding the indication and timing of the removal of a nonviable graft.
It is known that graft and patient survival is worse after second kidney transplantation compared to the first transplantation [1] . Several factors may contribute to this finding: Kidney re-transplants acquire additional waiting time on dialysis after failure of the first transplant which in itself is well known to increase morbidity and mortality after re-transplantation [2, 18] . Moreover, patients who undergo repeat renal transplantation are older than at the time of first transplantation and often receive grafts from extended-criteria donors [19] [20] [21] [22] .
The main finding of our study was a significantly increased patient survival in those second graft recipients who had undergone nephrectomy of their first nonviable graft before receiving a repeat transplantation. This striking effect was observed despite a lack of difference in second kidney graft survival rates between patients who had their first transplant removed before re-transplantation and those who retained their failed graft.
The reasons for the improved survival of repeat transplant candidates who had undergone prior nephrectomy are unclear. However, patients staying on maintenance dialysis after failure of a first kidney graft also show improved survival after graft nephrectomy [23] . The residual non-functioning graft in patients not undergoing nephrectomy may thus be a source of complications in itself or through the need for continued immunosuppressive therapy (e.g., infections or a chronic inflammatory condition).
By analyzing graft survival rates censored for death with functioning graft or graft loss within one year, our results revealed no differences for patients with or without nephrectomy, which is in accordance with recent literature [24] . Therefore, nephrectomy of the failed first kidney graft does not influence survival of the second graft.
Patients considered for re-transplantation are often immunized or even highly immunized due to the development of HLA-specific antibodies to previous transplant antigens. Yong Won Cho showed that panel reactive antibodies are observed more often after graft loss than after blood transfusions or prior pregnancies [25] . Therefore, even with negative complement dependent cytotoxicity crossmatch, these patients are more likely to develop acute humoral rejection episodes [25] [26] [27] . This correlates with our findings that higher PRA values before first and second transplantation are associated with an increased risk of graft loss. The impact of the elevated PRA levels in the group NE+ remains unclear but was also observed in other studies [5, 28, 29] . Our study design precluded information on presensitized patients. Schleicher et al [29] could show that in their collective patients undergoing nephrectomy had significantly higher PRA levels at the time of retransplantation, which led to a worse graft survival in that group. Especially a PRA level > 70% was an independent risk factor for graft loss. In our study, graft survival did not differ between the groups. This may be due to similar PRA levels before retransplantation. Lucarelli et al [30] also did not find a difference in second graft survival in patients with or without prior nephrectomy. They also observed comparable PRA levels in both groups at the time of retransplantation [30] . Intensified immunosuppression may therefore improve graft and patient survival in patients with elevated PRA after a first graft nephrectomy and can also be found in our data considering the different immunosuppressive regimens.
Other authors state that the rise in HLA antibodies after nephrectomy is an expression of the capacity of even a nonfunctional graft to absorb donor specific antibodies or mount an immune response to the donor's MHC antigens. This may protect a second renal graft [31, 32] . The graft intolerance syndrome, which leads to chronic inflammatory disease that can be treated by embolization of nonfunctioning renal allografts [33] [34] [35] , favors the aforementioned hypothesis. However,, neither murine and nor human studies could proof these findings [36] . By analyzing graft survival rates censored for death with functioning graft or graft loss within one year, we observed no difference for patients with or without nephrectomy. Therefore, nephrectomy of the failed first kidney graft does not influence survival of the second graft.
Although we observed no influence of prior graft survival, we could confirm the importance of waiting time to retransplantation. In patients undergoing nephrectomy prior to re-transplantation, no difference was evident. In contrast, in patients without nephrectomy, a survival benefit was evident when re-transplantation was performed within one year after graft loss. In our patient group waiting time to retransplantation was about two to three years; in the United States waiting times of more than five years are common [35] . This also needs to be taken into account when considering a graft nephrectomy with its associated perioperative risk.
This study is limited by its retrospective design and the long timeframe in which patients have undergone transplantation. It still offers novel insights into the advantages of graft nephrectomy on the outcome of secondary kidney transplantation.
In a conclusion, Nephrectomy of a nonfunctioning kidney graft prior to re-transplantation is a save procedure in experienced centers that, despite a temporary increase in PRA levels, results in significantly better patient survival. Therefore transplant nephrectomy should be considered in all patients awaiting a kidney re-transplantation.
COMMENTS
Background
Kidney transplantation is the treatment of choice for patients with end-stage renal disease. Despite excellent results, the half-live after deceased or living donor transplantation was 8.8 and 11.9 years after transplantation in 2005 in the United States, the management of patients with graft failure is still under debate. Some authors favor removal of the non viable kidney to prevent complications such as infection or chronic inflammatory response, others recommend to leave the nonfunctioning kidney in order to prevent surgery associated complications and a rise in panel reactive antibodies.
Research frontiers
There are many studies showing that panel reactive antibodies rise after the removal of a non viable kidney transplant. The long-term outcome concerning morbidity and mortality of patients as well as the outcome of a second kidney transplant after graft nephrectomy remains unclear. Prior studies demonstrated controversial results regarding complication rates and mortality with or without nephrectomy in patients staying on dialysis after graft failure or undergoing secondary renal transplantation.
Innovations and breakthroughs
Nephrectomy of a non-viable kidney graft leads to a temporary increase in panel reactive antibodies (PRA) level which equalizes before the time of retransplantation. Graft survival after a second kidney transplantation is not influenced by nephrectomy of the first graft. If nephrectomy is not performed, re-transplantation should be undertaken within one year after graft loss due to significantly better graft survival rates. Most importantly, patient survival one or five years after a second kidney transplantation is significantly better in patients undergoing nephrectomy of the first failed graft.
Applications
The study results suggest that in patients with graft failure nephrectomy should be
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Terminology
Kidney or renal transplantation is the process of transferring a kidney of a deceased or living donor to a patient with end-stage renal disease, including not only the surgical procedure but also the immunological management. Graft survival is the rate of kidney transplants that remains with good function after a certain time period. PRA are pre-existing antibodies against cell proteins, which present, if elevated, a risk factor for rejection after organ transplantation.
Peer review
The article aims to determine the impact of transplant nephrectomy on peak panel reactive antibody levels and patient and graft survival in kidney re-transplants. It is conducted as a retrospective study in a large patient cohort and with a long follow-up. The article is very interesting for anybody involved in the care of renal transplant patients since it offers new insights into in the dilemma of management of patients with graft loss and the usefulness of transplant nephrectomy prior to re-transplantation.
